Highlight: Empirical descriptions of spatial overlap of coexisting herbivores are difficult to interpret in terms of functional interaction. In an attempt to obviate some of these difficulties, partial correlation analysis was applied to the study of habitat use behavior of whitetail deer, mule deer, elk, and bighorn sheep on an important wildlife winter-spring range in southeastern British Columbia. A probe was made of the basic determinants of habitat selection in order to isolate the response of represented species to the physical and vegetational environment and to summer grazing by cattle. Distinct patterns of habitat utilization were exhibited by each species. Whitetail and mule deer habitat preferences were distinguished from one another by elevation, ruggedness of terrain, and openness of forest and shrub vegetation. Elk were most widely distributed and showed the least apparent response to measured environmental parameters, whereas bighorn sheep were most localized and specific in their response to environment. Distributions of all species were only weakly influenced by the activities of grazing cattle at the level and pattern found on the study area. Partial correlation techniques appeared to offer some potential for analyzing resource division in mixed grazing systems. However, a number of technical and conceptual difficulties may limit their value in systems where reciprocal feedbacks, thresholds, and optima exist in the response of animals to environment.
Numerous studies have attempted to provide measures of competition or ecological overlap among coexisting herbivores. Generally, competition has been described in terms of the extent to which members of a multispecies assemblage graze common areas during the same season and the extent to which they utilize common forage species (Julander, 1958) . These parameters, in certain situations, may adequately describe the basic elements of competition when they are interpreted in relation to existing levels of (Constan, 1967) . However, certain difficulties are inherent in simple descriptive approaches, particularly where more subtle functional interactions exist among associated species such as have been described for the complex grazing systems of East African savannas (Bell, 1971) . After all, overlapping distributions of several herbivores may be interpreted as evidence for any of a number of possible interactions ranging from mutual dependence to significant competition, since animals could be responding to the benefits of association as well as simply displaying similar habitat preferences. Similarly, nonoverlap may be an expression of active avoidance as well as ecological separation. For this reason, alternative approaches to evaluation of functional interactions should be examined.
In this report, an attempt to resolve some of these ambiguities is presented 
Graphical
Display and Statistical Analysis Wildlife distributions were mapped, using a computer subroutine which contoured a grid from scattered data points (Coulthard and Herring, 1973) . A species-association matrix, describing the relationship of numbers of animals of each species sighted, was generated from simple correlations, Use by each wildlife species in relation to measured habitat parameters and level of cattle grazing during the previous summer was analyzed by simple and partial correlation techniques (Nie et al., 1970) . Simple (zero-order) coefficients were used to describe the degree to which animal use was associated with each environmental measure. However, since such coefficients are difficult to interpret when independent variables are highly correlated, partial correlation coefficients were computed while controlling first for terrain and then for vegetational characteristics.
Emphasis was placed on the descriptive capabilities of correlation techniques rather than on hypothesis testing with decision statistics.
Results and Discussion

Empirical
Distribution and Spatial Correspondence of Wildlife Species Spatial distributions for winter and spring periods of whitetail deer, mule deer, elk, and bighorn sheep are mapped in Figures 3 and 4 . Upon superficial inspection, distributions of the members of the assemblage appeared to be relatively discrete. Important changes in the spatial association of species accompanied spring green-up.
These relationships among species and between seasons are summarized quantitatively using a matrix of simple correlation coefficients (Table  1) . During the winter period, significant spatial separation was detected for whitetail deer and mule deer, whereas significant positive association was observed between mule deer and elk.
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During spring green-up the separation of whitetail deer and mule deer was maintained, while bighorn and mule deer distributions began to overlap significantly. When winter and spring distributions of each species were compared, it was found that whitetail and elk altered their distributions most markedly. Bighorn, and particularly mule deer, tended to exhibit distributions which were grossly similar to those observed in winter except that they were much less localized.
Although in this study a standard correlation technique was applied, a variety of alternative coefficients have been used to measure association of plant or animal species. For example, indices derived from information theory by Horn (1966) as applied by WHITE TAIL DEER Harris (1972) Elk were somewhat less responsive to measured features of terrain than other species. They were most commonly sighted during winter at higher elevations, where they exhibited less sensitivity to snow cover than the two deer species or bighorn sheep. They used open forest and shrub communities with good stands of bunchgrasses, which cured with relatively high protein contents. During spring, aspect became more important as the animals sought southwesterly exposures. Their dependence on heavier stands of bunchgrasses was relaxed but since they tended to remain at higher elevations where spring growth was delayed, a negative correlation of their spatial abundance with protein content of major forage grasses was observed.
Bighorn sheep distributions were most strongly influenced by measured variables.
In winter, their very and terrain. Interpretation of the pattern of coefficients observed for each species within each time period follows.
During winter, whitetail deer were sighted most often at lower elevations at the base and gentle lower slopes of Premier Ridge. They were commonly found in the relatively uniform firlodgepole pine forests which supported rather higher shrub densities than found generally. A comparison of simple and partial coefficients suggested that their apparent negative response to slope was related more to 3This represents /era-order partials or "simple" correlation coefficients.
localized distribution was characterized by steep, relatively snow-free slopes and rugged terrain of southwest aspect. These areas, at intermediate elevation, supported moderate stands of bunchgrasses interrupted with scattered trees, shrubs, rock outcrops, and noncaespitose grasses. A positive association occurred with slope and rockiness, perhaps related to use of the area as escape terrain as well as for feeding (Geist and Petocz, 1972) . When variation was partialled, an inverse relationship was evidenced with forage height. This was consistent with the observation that sheep tended to select lower bunchgrasses with fewer seedheads and more leafy material when available through winter snows.
However, reciprocal causeeffect relationships between forage characteristics and habitat selection, such as exist in this case, are difficult to examine by standard correlation techniques. Spring distribution of bighorn sheep was responsive to similar habitat features except that the correlation with forage protein content increased dramatically. The reduction in association with terrain from winter to spring reflected their wider distribution during this period.
Patterns of habitat utilization exhibited by each of the coexisting species on Premier Ridge generally were similar to those reported in other montane environments. Kramer (1972) reviewed the ecological relationships of whitetail deer and mule deer and concluded that the major ecological separation of the two species in winter was on the basis of elevation, ruggedness of terrain, and openness of forest and shrub vegetation. This was confirmed in this study since mule deer showed more strongly positive correlation coefficients with elevation, slope, changes in slope, rockiness and a more negative correlation with forest cover. Reasons for these differences in habitat preference are speculative. They do not seem to be primarily related to or reinforced by interspecific behavior (Kramer, 1973) . Slightly larger size and certain physiological differences may equip mule deer to cope with a slightly more exposed environment.
Elk are recognized widely to be catholic in their habitat use behavior, On Premier Ridge, this species was widely distributed and was able to exploit areas not effectively utilized by coexisting species, particularly those at higher elevation and with more complete snow cover.
Bighorn sheep on the study area, as in many areas (Constan, 1972) tended to utilize small rather specific areas preferentially, ignoring what appeared superficially to be available habitat. Partially for this reason, the bighorn has been envisaged as a species locked into stereotyped range use by tradition. However, this is a characteristic shared by domestic sheep and when the response of the animal to range structure (Arnold, 1964 ) and forage quality (Hebert, 1973 ) is considered, the adaptiveness is more easily appreciated.
Wildlife
Distribution in Relation to Livestock Grazing Both positive and negative responses of wild herbivores to areas grazed by cattle have been observed (Hedrick, 1968; Skovlin et al., 1968) . On Premier Ridge, under the prevailing system of management, activities of grazing cattle during the previous summer were not significantly associated with wildlife distribution, neither when their effects were considered directly nor as mediated through changes in vegetation.
The general weakness of the observed response may be of several origins. When the entire study area was considered, livestock grazing accounted for a relatively small part of total variation observed in forage biomass, and leaf and culm lengths (zero-order values were -.12, 0.17, -.17, respectively). Forest crown closure held a stronger relationship with forage biomass (r = -.20). Although under this grazing regimen, damage to plant communities was severe in certain parts of the study area, particularly near water or salt, it was localized creating a relatively complex interspersion of more and less heavily grazed areas. Often this pattern was more finely grained than the sampling grid chosen in this study. Clearer patterns likely would emerge in less heterogeneous habitats where livestock use was more uniform.
Conclusions
Partial correlation techniques appeared to be useful for quantifying habitat use behaviour and for resolving some of the ambiguities of overlapping habitat preferences exhibited by members of mixed grazing systems. The approach was applied to the study of resource division within a wildlife community comprised of whitetail deer, mule deer, elk, and bighorn sheep, and between each of these species and domestic livestock. However, a number of technical and conceptual limitations were recognized. The techniques are designed for continuous characteristics rather than presence or absence measurements which may be important in many grazing systems. They are based on an assumption of linear relationships between animal use and habitat characteristics, whereas thresholds and optima appear to predominate in natural systems. Although a variety of transformations can be applied to achieve linearity, their choice is often arbitrary and may become cumbersome where large numbers of independent variables are involved. Finally, it is not clear that grazing animals perceive their environment as a series of divisible attributes. Habitat selection may be based on complex search-images which are comprised of unique combinations of habitat features (Klopfer, 1970) . Although animals do exhibit preferential use of discrete areas, factors defining these preferences are poorly understood.
